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Abstract
We have examined the protective effect of taurine on the myocardial antioxidant defense system in isoprenaline (isoproterenol)-induced myocardial infarction in rats, an animal model of myocardial infarc tion in man. Levels ofdiagnostic marker enzymes in plasma, lipid peroxides and reduced glutathione, and the activity of glutathione-dependent antioxidant enzymes and antiperoxidative enzymes in the heart tissue were determined. lntraperitoneal administration of taurine significantly prevented the isoprena line-induced increases in the levels of alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase, and creatine phosphokinase in the plasma of rats. Taurine exerted an antioxidant effect against isoprenaline-induced myocardial infarction by preventing the accumulation of lipid peroxides and by maintaining the level of reduced glutathione and the activity of glutathione peroxidase, glu tathione-S-transferase, catalase and superoxide dismutase at near normality. The results indicated that the cardioprotective potential of taurine was probably due to the increase of the activity of the free radical enzymes, or to a counteraction of free radicals by its antioxidant nature, or to a strengthening of myocardial membrane by its membrane stabilizing property.
I . espite improved clinical care, heightened public awareness, and widespread use of health innovations, myocardial infarction remains a leading cause of death. It is esti mated that by the year A.D. 2020, up to three quarters of deaths in developing countries will result from non-communicable diseases and that myocardial infarction will top the list of killers (Gupta & Gupta 1998) . With changing life style in developing countries like India, particularly in urban areas, myocardial infarction is making an increasingly important contribution to mortality statistics of such countries (Farvin et al 2004) . In India, the number of patients being hospitalized for heart attack has increased over the past 35 years, with male patients showing a striking increase (Krishnaswami 1998).
Taurine (2-aminoethanesulfonic acid), a non-protein sulfur containing amino acid, is the most abundant free amino acid and has been shown to play several essential roles in the human body (Lombardini 1996) . It is widely distributed in very high concentra tions in brain, heart, kidney, lens, and reproductive organs (I-luxtable 1992) . It is involved in various important biological and physiological functions, which include cell membrane stabilization (Heller-Stilb et al 2002) , antioxidation (Atmaca 2004), detoxification (Birdsall I998), osrnoregulation (Timbrell et al 1995) , neuromodulation, and brain (Renteria et al 2004) and retinal development (Wright et al 1986) . Taurine accounts for more than 50% of the total amino acid pool in the mammalian heart (Lombardini 1996) . Earlier studies (Keith etal 2001; Warskulat et al 2004) demon strated that pathology develops in the myocardium if an animal is depleted of taurine stores either through a taurine-deficient diet or use of taurine transport antagonists. Pion et al (1987) were the first to explain the role of dietary taurine deficiency asso ciated with a dilated cardiomyopathy observed in experimental animals. Other studies by Keith et al (2001) and Lake et al (1994) and LDH, nmol pyruvate liberated h"' L"'; CPK, nmol creatine liberated h"' L". "P < 0.001 significantly different compared with group l control; bP < 0.001 significantly different compared with group 2 taurine-administered animals; 'P < 0.00! significantly different compared with group 3 isoprenaline-induced myocardial infarcted rats; dP < 0.05 significantly different compared with group l; °P < 0.05 significantly different compared with group 2. Values expressed: LPO, nmol malondialdehyde (mg protein)"; GSH, nmol (g wet tissue)"; GPx, nmol GSH oxidized min" (mg protein)"; GST, nmol l-chloro-2,4 dinitrobenzene conjugate f onned min" (mg protein)"; catalase, nmol H202 decomposed min" (mg protein)"; SOD, one unit of the SOD activity is the amount of protein required to give 50% inhibition of adrenaline autoxidation. "P < 0.001 significantly different compared with group l control; bP < 0.001 significantly different compared with group 2 taurine-administered animals; °P < 0.001 significantly different compared with group 3 isoprenaline-induced myocardial infarcted rats; dP < 0.05 significantly different compared with group 1; 'P < 0.05 significantly different compared with group 2; 'P < 0.001 significantly different compared with group l. dependent antioxidant enzymes (GPx and GST) and anti peroxidative enzymes (SOD and catalase) ( Table 2) .
Administration of taurine significantly prevented all the isoprenaline-induced alterations in the tissue antioxidant system and maintained the rats at near normal status. The normal rats receiving taurine alone (group 2) did not show Cardioprotective effect of taurine 1315 any significant change when compared with the normal rats, showing that taurine itself did not have any adverse effects.
"DiscussioI1
The significant rise noticed in the levels of AST, ALT, LDH and CPK in plasma of group 3 isoprenaline-admi nistered rats as compared with group l normal controls was indicative of the severity of isoprenaline-induced myocardial infarction. This was in line with an earlier study (Suchalatha & Shyamala Devi 2004) , which indi cated that increased susceptibility of myocardial cell mem brane to the isoprenaline-mediated peroxidative damage might lead to an increased release of these diagnostic marker enzymes into the systemic circulation. In this study, administration of taurine resulted in a significant reduction in the levels of these marker enzymes towards near normality as compared with group 3 isoprenaline administered rats, indicating the cytoprotective effect of taurine (Schaffer etal 2003) . It probably did so by its membrane stabilizing action (Redmond etal 1998) . Timbrell et al (1995) had reported that taurine exerted membrane stabilization against carbon tetrachloride, hydra zine and 1,4-naphthoquinone-induced necrotic damages by modulating intracellular calcium levels and osmo regulation.
Biological membranes are sensitive to lipid peroxida tion induced by reactive oxygen species. The oxidation of polyunsaturated fatty acids in biological membranes may cause impairment of membrane function, decrease in membrane fluidity, inactivation of membrane receptors and enzymes, increase of non-specific permeability to ions and disruption of membrane structure. In this inves tigation, the level of lipid peroxides in the heart tissue of group 3 isoprenaline-administered rats was significantly (P < 0.001) higher compared with group 1. This was in agreement with Nirmala & Puvanakrishnan (1996) , who indicated that a lack of antioxidant defense might lead to an increase in lipid peroxidation and subsequent deleter ious effects on the myocardial membrane in the isoprena line-induced myocardial infarction condition. The rats pretreated with taurine showed a significant (P < 0.001) decrease in the level of lipid peroxidation in the heart tissue. This was probably achieved by means of its anti oxidant nature (Rodriguez-Martinez 2004) against lipid peroxidation induced by isoprenaline. The unpaired elec tron present in the hydroxyl radicals generated by isopre naline might have been trapped and subsequently dismuted by taurine. Obrosova etal (200l) reported that supplementation of taurine counteracted oxidative stress through the ascorbate system of antioxidant defenses in experimental diabetic nephropathy.
The glutathione antioxidant system plays a fundamen tal role in cellular defense against reactive free radicals and other oxidant species (Meister & Anderson 1983) . The cellular tripeptide GSH exerts protective antioxidant influence through a complex enzyme system including GPx and GST. In this study, a significant reduction in
